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                                    Darin besteht das Wesen der Wissenschaft: 
  Zuerst denkt man an etwas, das wahr sein könnte. 
                            Dann sieht man nach, ob es der Fall ist 
                              und im Allgemeinen ist es nicht der Fall. 
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Abb. I.5: Aktives Zentrum von Tyrosinase  
aus Streptomyces Castaneoglobisporus[28] 
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Abb. I.6: Ausschnitt aus der Struktur von Pheomelanin  
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Cu(I), O2 + Abbauprodukte





















































Cu(I), O2 + Abbauprodukte
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Cu(1) – N(1) 1.942(28) Cu(1) – N(2) 2.107(0) 
Cu(1) – N(5) 1.871(20) Cu(2) – N(3) 2.036(3) 
Cu(2) – N(4) 2.139(14) Cu(2) – N(6) 2.043(14) 
Cu(2) – N(7) 1.951(23) Cu(1) – Cu(2) 7.025(8) 
N(1) –Cu(1)– N(2) 96.7 N(3) –Cu(2)– N(4) 95.2 
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Abb. III.3: Kristallstruktur des Kations von [Cu(II)2(DAPA-O)(OH)](ClO4)2 
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Abb. III.4: UV/Vis-Spektren von [Cu(I)2(DAPA)](ClO4)2 (schwarz) und 
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Abb. III.5: UV/Vis-Spektren von [Cu(I)2(DAPA)](ClO4)2 (schwarz) und 
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Abb. III.6: IR- (oben) und Raman-Spektren (unten) von [Cu(I)2(DAPA)](ClO4)2 (schwarz) 
und [Cu(II)2(DAPA-O)(OH)](ClO4)2 (rot). 
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Abb. III.7: Vergleich der berechneten (oben) und experimentellen (unten) IR-Spektren von 
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Abb. III.9: Vergleich der FT-Raman Spektren von [Cu(II)2(DAPA-O)(OH)](ClO4)2 
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Abb. III.10: Vergleich der Raman-Spektren des DAPA-Cu(II)-Komplexes aus der Reaktion 
des Liganden mit Cu(II)(ClO4)2 (schwarz) und nach Umsetzung des Cu(I)-DAPA-Komplexes 
mit Sauerstoff (rot). 
                                        
                                        
                                        
                                        
                                        

















Abb. III.11: Vergleich der Raman-Spektren des Cu(I)-DAPA-Komplexes (rot) und des 
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Abb. III.12: Vergleich der IR-Spektren des DAPA-Cu(II)-Komplexes aus der Reaktion des 






                                        
                                        
                                        
                                        
                                        



















Abb. III.13: Vergleich der IR-Spektren des Cu(I)-DAPA-Komplexes (rot) und des DAPA-
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Abb. III.14: Änderung des UV/Vis-Spektrums von [Cu(I)2(DAPA)](ClO4)2 bei Umsetzung 
mit Sauerstoff in Methanol 
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Abb. III.15: Änderung der Absorbanz bei 358 nm im UV/Vis-Spektrum von 
[Cu(I)2(DAPA)](ClO4)2 (schwarz) und [Cu(I)2(DAPA-d6)](ClO4)2 (rot) bei Umsetzung mit 
Sauerstoff in Methanol. 
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Abb. III.16: Änderung der Absorbanz bei 358 nm im UV/Vis-Spektrum des DAPA-Systems 
mit unterschiedlichen Gegenionen und des deuterierten DAPA-Systems bei Umsetzung mit 
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Abb. III.18: Änderung der Absorbanz bei 358 nm im UV/Vis-Spektrum von 
[Cu(I)2(DAPA)](ClO4)2 (schwarz) und [Cu(I)2(DAPA)](BPh4)2 (blau) bei Umsetzung mit 
Sauerstoff in Dichlormethan. 
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Abb. III.19: Reaktionswege der Hydroxylierungsreaktion des DAPA-Systems ausgehend 
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Abb. III.21: Geometrie im Übergangszustand, der zum σ-complex führt. a) Karlin-Komplex; 
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Abb. IV.3: Vergleich der IR-Spektren von [Cu(I)(imin-C2)](ClO4) (schwarz) und des 
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Abb. IV.4: Vergleich der Raman-Spektren von [Cu(I)(imin-C2)](ClO4) (schwarz) und des 
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Abb. IV.5: UV/Vis-Spektren von [Cu(I)(imin-C2)](ClO4) (schwarz) sowie des 
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Abb. IV.7: Geometrie-optimierte Struktur 
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Abb. IV.10: Geometrie-optimierte Sruktur  


























































                                        
                                        
                                        







                                        
                                        


























































































































 MOO = ) 










                                        
                                        
                                        
                                        
                                        

























Abb. IV.12: Vergleich der IR-Spektren von [Cu(I)2(amin-C2)](ClO4)2 (schwarz) und des 
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Abb. IV.13: UV/Vis-Spektren von [Cu(I)2(amin-C2)](ClO4)2 in MeOH (schwarz) und MeCN 
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Tabelle IV.1: Ausgewählte Bindungslängen und –winkel 
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Abb. IV.18: Vergleich der IR-Spektren des grünen Oxidationsproduktes von Cu(I)-DMPA 
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Abb. IV.19: Vergleich des experimentellen IR-Spektrums von [Cu(II)2(DMPA)(OH)2] (oben) 
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Abb. IV.20: Vergleich der IR-Spektren von [Cu(I)2(DMPA)](PF6)2 (schwarz) und seiner 
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Abb. IV.21: Vergleich der IR-Spektren von [Cu(I)2(DMPA)](ClO4)2 (schwarz) und des 
























   3==K 
































                                        
                                        
                                        
                                        
                                        

















Abb. IV.22: Vergleich der IR-Spektren der DMPA-Azido-Komplexe: 
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Abb. IV.23: UV/Vis-Spektren der Cu(II)-Azido-Komplexe des DMPA-Systems in Methanol. 
Gebildet aus [Cu(II)2(DMPA)(MeO)2](ClO4)2 (schwarz), gebildet aus 
[Cu(II)2(DMPA)(OH-)2](ClO4)2 (rot). 
 








































                                        
                                        
                                        
                                        
                                        
                                        



















Abb. IV.24: Vergleich der UV/Vis-Spektren von [Cu(I)2(DMPA)](PF6)2 (schwarz) und des 
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c = 2.86 * 10-4








Abb. IV.25: Änderung des UV/Vis-Spektrums von [Cu(II)2(DMPA)(MeO)2](PF6)2 während 
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Abb. IV.26: Produkte der Reaktion von [Cu(I)2(DMPA)](ClO4)2 
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Abb. V.5: Vergleich der UV/Vis-Spektren von [Cu(I)2(imin-C2-DMPA)](ClO4)2 (rot) und 
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Abb. V.7: Vergleich des IR- und Raman-Spektrums von [Cu(I)2(amin-C2-DMPA)](ClO4)2. 
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Abb. V.8: Vergleich der IR-Spektren des Cu(I)- (schwarz) und des Cu(II)-Komplexes (rot) 
von amin-C2-DMPA.  
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 Abb. V.9: Vergleich der UV/Vis-Spektren von [Cu(I)2(amin-C2-DMPA)](ClO4)2 (rot) und 
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Abb. V.16: Vergleich der UV/Vis-Spektren von [Cu(I)2(uns-DMPA)](ClO4)2 (schwarz) und 
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Abb. V.18: Änderung des UV/Vis-Spektrums von [Cu(I)2(uns-DMPA)](ClO4)2 während der 
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Abb. V.19: Endspektrum nach der Tieftemperatur-Oxygenierung von 
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Abb. V.20: Änderung des UV/Vis-Spektrums von [Cu(I)2(DMPA)](PF6)2 während der 
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Abb. V.22: Änderung des UV/Vis-Spektrums von 3,5-Di(tert-butyl)catechol (schwarz) bei 
Reaktion mit Sauerstoff in basischer Lösung (Dichlormethan) mit (blau) und ohne (rot) 









































                                        
                                        
                                        
                                        
                                        
                                        

















Abb. V.23: Änderung des UV/Vis-Spektrums von [Cu(I)2(uns-DMPA)](ClO4)2 während der 
Reaktion mit Sauerstoff bei tiefer Temperatur und Anwesenheit von 2,4-Di(tert-butyl)phenol 
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Abb. V.24: Endspektrum nach der Tieftemperatur-Oxygenierung von 
[Cu(I)2(uns-DMPA)](ClO4)2 bei Anwesenheit von 2,4-Di(tert-butyl)phenol in Dichlormethan 
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Abb. V.25:  Änderung des UV/Vis-Spektrums von [Cu(I)2(uns-DMPA)](ClO4)2 während der 
Reaktion mit Sauerstoff bei tiefer Temperatur und Anwesenheit von 2,4-Di(tert-butyl)phenol 
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Table VIII.1:  Crystal data and structure refinement. 
 
Empirical formula  C19H32Cl4Cu2N4O10 
Formula weight  745.37 
Temperature  170(2) K 
Wavelength  0.71073 Å 
Crystal system  triclinic 
Space group  P-1 
Unit cell dimensions a = 7.8818(9) Å α= 62.059(12)°. 
 b = 13.9548(14) Å β= 84.902(14)°. 
 c = 14.6487(18) Å γ = 81.658(13)°. 
Volume 1407.9(3) Å3 
Z 2 
Density (calculated) 1.758 Mg/m3 
Absorption coefficient 1.948 mm-1 
F(000) 760 
Crystal size 0.2 x 0.2 x 0.1 mm3 
Theta range for data collection 2.61 to 25.03°. 
Index ranges -9<=h<=9, -16<=k<=16, -17<=l<=17 
Reflections collected 12085 
Independent reflections 4681 [R(int) = 0.1250] 
Completeness to theta = 25.03° 93.9 %  
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4681 / 0 / 353 
Goodness-of-fit on F2 0.998 
Final R indices [I>2sigma(I)] R1 = 0.0519, wR2 = 0.1172 
R indices (all data) R1 = 0.0805, wR2 = 0.1319 
Extinction coefficient 0.0055(11) 
Largest diff. peak and hole 0.646 and -1.242 e.Å-3 
 
 
All non-hydrogen atoms were refined anisotropic. The C-H hydrogen atoms were positioned with idealized 
geometry and refined using a riding model. The position of the O-H hydrogen atom was located in difference 






Table VIII.2:  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103). 
U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
 
 x y z U(eq) 
Cu(1) 8437(1) 3860(1) 7919(1) 25(1) 
Cu(2) 6252(1) 6048(1) 6745(1) 25(1) 
O(1) 7233(5) 5092(3) 8136(2) 28(1) 
O(2) 7376(5) 4805(3) 6637(3) 28(1) 
C(1) 7163(6) 5239(5) 8969(4) 26(1) 
C(2) 6105(6) 6117(5) 9005(4) 26(1) 
C(3) 6008(7) 6253(5) 9895(4) 33(1) 
C(4) 6922(7) 5524(5) 10762(4) 30(1) 
C(5) 7960(7) 4663(5) 10731(4) 32(1) 
C(6) 8107(7) 4483(5) 9858(4) 27(1) 
C(7) 9309(7) 3576(5) 9902(4) 30(1) 
N(1) 9602(5) 3237(4) 9220(3) 28(1) 
C(8) 10988(7) 2339(5) 9421(4) 35(1) 
C(9) 10378(8) 1378(5) 9407(4) 34(1) 
C(10) 9809(8) 1592(5) 8366(4) 36(1) 
N(2) 8267(6) 2406(4) 7961(3) 29(1) 
C(11) 6721(8) 2011(6) 8639(5) 45(2) 
C(12) 7959(10) 2533(6) 6923(5) 53(2) 
C(13) 5010(7) 6921(5) 8164(4) 27(1) 
N(3) 4891(6) 6987(4) 7255(3) 27(1) 
C(14) 3529(7) 7811(5) 6621(4) 34(1) 
C(15) 4150(8) 8515(5) 5540(5) 42(2) 
C(16) 4593(7) 7924(5) 4894(4) 35(1) 
N(4) 6193(6) 7125(4) 5215(3) 33(1) 
C(17) 7707(8) 7737(6) 4998(5) 50(2) 
C(18) 6356(9) 6579(6) 4554(4) 48(2) 
Cl(1) 1682(2) 5269(1) 6470(1) 31(1) 
O(11) 1257(5) 4163(4) 7052(3) 41(1) 
O(12) 1276(7) 5668(4) 5416(3) 57(1) 
O(13) 3478(5) 5259(5) 6562(4) 58(1) 
O(14) 702(6) 5933(4) 6884(3) 47(1) 
Cl(2) 4236(2) 9660(1) 8193(1) 37(1) 
O(21) 3727(7) 10774(4) 7965(4) 64(1) 
O(22) 5597(6) 9201(5) 8913(4) 66(2) 
O(23) 2817(6) 9020(5) 8628(4) 61(1) 
O(24) 4833(7) 9615(4) 7266(3) 55(1) 
C(30) -844(10) 9194(6) 7401(5) 52(2) 
Cl(3) -983(2) 7980(2) 7353(1) 53(1) 
Cl(4) -265(3) 10215(2) 6189(2) 74(1) 
  
Table VIII.3:   Bond lengths [Å] and angles [°]. 
 
Cu(1)-O(2)  1.899(3) 
Cu(1)-N(1)  1.938(4) 
Cu(1)-O(1)  1.986(4) 
Cu(1)-N(2)  2.025(5) 













O(1)-C(1)  1.324(6) 
C(1)-C(2)  1.399(8) 
C(1)-C(6)  1.421(7) 
C(2)-C(3)  1.397(7) 
C(2)-C(13)  1.461(7) 
C(3)-C(4)  1.380(8) 
C(4)-C(5)  1.369(9) 
C(5)-C(6)  1.407(8) 
C(6)-C(7)  1.445(8) 
C(7)-N(1)  1.283(7) 
N(1)-C(8)  1.471(7) 






Cu(2)-O(2)  1.899(4) 
Cu(2)-N(3)  1.948(5) 
Cu(2)-O(1)  1.991(3) 














C(9)-C(10)  1.508(7) 
C(10)-N(2)  1.489(7) 
N(2)-C(12)  1.485(7) 
N(2)-C(11)  1.497(8) 
C(13)-N(3)  1.302(7) 
N(3)-C(14)  1.468(7) 
C(14)-C(15)  1.502(9) 
C(15)-C(16)  1.512(9) 
C(16)-N(4)  1.503(7) 
N(4)-C(18)  1.476(8) 







































Table VIII.4:   Bond lengths [Å] and angles [°]. 
 
 
Cl(1)-O(12)  1.425(4) 
Cl(1)-O(13)  1.431(4) 
Cl(1)-O(14)  1.435(5) 








C(30)-Cl(3)  1.748(8) 
Cl(3)-C(30)-Cl(4) 111.0(4) 
Cl(2)-O(24)  1.424(5) 
Cl(2)-O(22)  1.429(5) 
Cl(2)-O(21)  1.429(5) 













Table VIII.5:   Anisotropic displacement parameters  (Å2x 103).  The anisotropic 
displacement factor exponent takes the form:  -2pi2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
 
 U11 U22  U33 U23 U13 U12 
Cu(1) 27(1)  23(1) 22(1)  -7(1) -6(1)  -2(1) 
Cu(2) 28(1)  24(1) 20(1)  -6(1) -4(1)  -2(1) 
O(1) 31(2)  32(2) 20(2)  -10(2) -6(2)  -4(2) 
O(2) 30(2)  30(2) 21(2)  -9(2) -4(1)  1(2) 
C(1) 26(3)  29(3) 22(2)  -9(2) 2(2)  -11(2) 
C(2) 24(3)  28(3) 28(3)  -13(2) -3(2)  -10(2) 
C(3) 34(3)  37(4) 34(3)  -21(3) 1(2)  -13(2) 
C(4) 35(3)  36(4) 25(3)  -16(2) 0(2)  -17(2) 
C(5) 33(3)  37(4) 25(3)  -11(2) -6(2)  -14(2) 
C(6) 27(3)  28(3) 24(2)  -7(2) -3(2)  -11(2) 
C(7) 31(3)  28(4) 22(2)  -3(2) -7(2)  -8(2) 
N(1) 26(2)  23(3) 30(2)  -7(2) -6(2)  -4(2) 
C(8) 32(3)  32(4) 35(3)  -10(2) -11(2)  2(2) 
C(9) 43(3)  22(3) 31(3)  -7(2) -9(2)  2(2) 
C(10) 44(3)  30(4) 32(3)  -15(3) 0(2)  2(3) 
N(2) 33(2)  27(3) 22(2)  -7(2) -5(2)  -3(2) 
C(11) 46(4)  40(4) 51(4)  -20(3) 1(3)  -16(3) 
C(12) 86(5)  42(5) 35(3)  -22(3) -22(3)  9(4) 
C(13) 28(3)  21(3) 31(3)  -10(2) 5(2)  -13(2) 
N(3) 31(2)  21(3) 26(2)  -5(2) -4(2)  -9(2) 
C(14) 29(3)  35(4) 39(3)  -18(3) -8(2)  0(2) 
C(15) 45(4)  24(4) 46(3)  -7(3) -20(3)  8(3) 
C(16) 40(3)  28(4) 24(3)  -2(2) -8(2)  2(2) 
N(4) 30(2)  33(3) 23(2)  -3(2) -5(2)  -3(2) 
C(17) 41(4)  42(5) 43(3)  2(3) 0(3)  -14(3) 
C(18) 66(4)  45(5) 20(3)  -10(3) -6(3)  8(3) 
Cl(1) 33(1)  34(1) 25(1)  -10(1) -1(1)  -11(1) 
O(11) 36(2)  32(3) 40(2)  -4(2) 6(2)  -9(2) 
O(12) 71(3)  57(4) 28(2)  -13(2) -11(2)  13(3) 
O(13) 29(2)  73(4) 78(3)  -36(3) 0(2)  -18(2) 
O(14) 45(3)  53(3) 57(3)  -36(2) 1(2)  -9(2) 
Cl(2) 36(1)  34(1) 36(1)  -13(1) -2(1)  1(1) 
O(21) 63(3)  45(4) 85(4)  -37(3) -11(3)  14(2) 
O(22) 51(3)  81(4) 52(3)  -21(3) -17(2)  8(3) 
O(23) 47(3)  80(4) 56(3)  -30(3) 9(2)  -22(3) 
O(24) 70(3)  56(4) 38(2)  -20(2) 10(2)  -16(3) 
C(30) 52(4)  55(5) 51(4)  -27(4) 0(3)  -6(3) 
Cl(3) 46(1)  47(1) 63(1)  -19(1) -10(1)  -10(1) 
Cl(4) 70(1)  53(2) 79(1)  -12(1) -1(1)  -13(1) 
 
Table VIII.6:   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3). 
 
 x  y  z  U(eq) 
H(1O2) 8030 4857 6117 43 
H(3) 5299 6860 9904 39 
H(4) 6831 5617 11367 36 
H(5) 8606 4168 11322 38 
H(7) 9961 3183 10511 36 
H(8A) 11475 2105 10104 42 
H(8B) 11912 2607 8891 42 
H(9A) 9407 1144 9909 41 
H(9B) 11315 766 9641 41 
H(10A) 10770 1848 7861 43 
H(10B) 9568 893 8413 43 
H(11A) 6901 1930 9326 67 
H(11B) 6537 1304 8699 67 
H(11C) 5713 2541 8336 67 
H(12A) 6949 3065 6629 80 
H(12B) 7763 1827 6985 80 
H(12C) 8962 2790 6470 80 
H(13) 4303 7456 8295 32 
H(14A) 3087 8280 6950 41 
H(14B) 2570 7440 6594 41 
H(15A) 5179 8825 5576 51 
H(15B) 3251 9131 5188 51 
H(16A) 3620 7527 4937 41 
H(16B) 4736 8471 4163 41 
H(17A) 7627 8104 5433 75 
H(17B) 7727 8283 4268 75 
H(17C) 8761 7227 5150 75 
H(18A) 7382 6043 4741 71 
H(18B) 6456 7124 3828 71 
H(18C) 5340 6208 4654 71 
H(30A) 19 9061 7912 63 
























Table VIII.7:  Crystal data and structure refinement. 
 
Empirical formula  C36H46Cl2Cu2N6O12 
Formula weight  952.77 
Temperature  220(2) K 
Wavelength  0.71073 Å 
Crystal system  triclinic 
Space group  P-1 
Unit cell dimensions a = 11.5551(9) Å α= 110.656(9)°. 
 b = 12.7477(10) Å β= 92.122(10)°. 
 c = 15.3326(13) Å γ = 90.848(9)°. 
Volume 2110.9(3) Å3 
Z 2 
Density (calculated) 1.499 Mg/m3 
Absorption coefficient 1.200 mm-1 
F(000) 984 
Crystal size 0.3 x 0. 25 x 0.2 mm3 
Theta range for data collection 2.58 to 27.10°. 
Index ranges -14<=h<=14, -16<=k<=16, -19<=l<=18 
Reflections collected 15480 
Independent reflections 8942 [R(int) = 0.0450] 
Completeness to theta = 27.10° 96.0 %  
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8942 / 0 / 543 
Goodness-of-fit on F2 1.002 
Final R indices [I>2sigma(I)] R1 = 0.0421, wR2 = 0.1086 
R indices (all data) R1 = 0.0594, wR2 = 0.1171 
Extinction coefficient 0.0134(13) 
Largest diff. peak and hole 0.438 and -0.821 e.Å-3 
 
All non-hydrogen atoms were refined using anisotropic displacement parameters except for the disordered C and 
O atoms. The C-H hydrogen atoms were positioned with idealized geometry and were refined using a riding 
model. The O-H H atoms were located in difference map, their bond lengths set to ideal values and were refined 
using a riding model. One of the two crystallographically ClO4--anions and methanole meolcules is disordered in 




Table VIII.8:  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters 
(Å2x 103). U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
 x y z U(eq) 
Cu(1) 7141(1) 7407(1) 2489(1) 25(1) 
Cu(2) 7252(1) 9864(1) 2800(1) 24(1) 
O(1) 6131(1) 8647(2) 2578(1) 26(1) 
C(51) 4919(2) 8704(2) 2683(2) 32(1) 
O(2) 8175(2) 8709(2) 2990(1) 31(1) 
C(52) 9321(3) 8794(3) 3317(3) 60(1) 
C(1) 6788(2) 8311(3) 5049(2) 32(1) 
C(2) 6551(2) 9228(2) 4789(2) 29(1) 
C(3) 6965(2) 10294(2) 5300(2) 30(1) 
C(4) 7662(2) 10457(3) 6110(2) 39(1) 
C(5) 7904(3) 9556(3) 6379(2) 45(1) 
C(6) 7470(3) 8489(3) 5857(2) 40(1) 
C(7) 6279(3) 7159(3) 4485(2) 37(1) 
C(8) 6582(2) 11278(2) 5037(2) 33(1) 
C(10) 6278(3) 5508(2) 3069(2) 42(1) 
C(11) 5491(3) 5621(2) 2321(2) 38(1) 
N(11) 5853(2) 6299(2) 1877(2) 32(1) 
C(12) 5214(3) 6368(3) 1147(2) 39(1) 
C(13) 4172(3) 5773(3) 839(3) 53(1) 
C(14) 3792(3) 5093(3) 1304(3) 60(1) 
C(15) 4446(3) 5014(3) 2040(3) 53(1) 
C(20) 8110(3) 6371(3) 3839(2) 41(1) 
C(21) 8804(3) 5993(2) 2971(2) 35(1) 
N(21) 8461(2) 6322(2) 2268(2) 31(1) 
C(22) 9078(3) 6035(3) 1503(2) 37(1) 
C(23) 10064(3) 5411(3) 1416(2) 48(1) 
C(24) 10415(3) 5077(3) 2145(3) 53(1) 
C(30) 6548(2) 12255(2) 3942(2) 31(1) 
C(31) 5757(2) 11750(2) 3085(2) 28(1) 
N(31) 6065(2) 10780(2) 2439(2) 29(1) 
C(32) 5429(3) 10363(3) 1637(2) 38(1) 
C(33) 4462(3) 10873(3) 1447(2) 45(1) 
C(34) 4132(3) 11860(3) 2122(2) 47(1) 
C(35) 4781(3) 12309(3) 2943(2) 37(1) 
N(2) 7152(2) 11399(2) 4226(2) 27(1) 
N(1) 6912(2) 6581(2) 3622(2) 33(1) 
C(40) 8394(2) 11717(2) 4441(2) 30(1) 
C(41) 8969(2) 11696(2) 3569(2) 29(1) 
N(41) 8607(2) 10864(2) 2771(2) 29(1) 
C(42) 9099(3) 10790(3) 1973(2) 39(1) 
C(43) 9964(3) 11527(3) 1936(3) 45(1) 
C(44) 10322(3) 12383(3) 2741(3) 44(1) 
C(45) 9813(3) 12473(3) 3568(2) 39(1) 
Cl(1) 7324(1) 4934(1) 5868(1) 39(1) 
O(3) 7437(2) 5953(2) 6665(2) 63(1) 
O(4) 8279(3) 4838(3) 5292(3) 85(1) 
O(5) 7316(3) 4006(2) 6176(2) 59(1) 
O(6) 6265(3) 4950(2) 5371(3) 84(1) 
Table VIII.9:  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters 
(Å2x 103). U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
 x y z U(eq) 
Cl(2) 7766(1) 7969(1) 5(1) 46(1) 
O(7) 7984(4) 8996(3) -180(3) 52(1) 
O(8) 6499(3) 7700(4) -202(3) 61(1) 
O(9) 7939(4) 8184(3) 973(2) 61(1) 
O(10) 8397(4) 7091(4) -542(4) 80(2) 
O(7') 7354(15) 7234(15) 449(12) 125(5) 
O(8') 9079(11) 8115(11) 467(9) 87(3) 
O(9') 7972(9) 7293(9) -956(7) 62(3) 
O(10') 7444(13) 8967(13) 158(11) 98(4) 
O(11) 7309(3) 3648(3) 1059(3) 90(1) 
C(53) 6747(7) 2698(5) 1090(6) 141(3) 
O(12) 10885(4) 7249(4) 120(4) 130(2) 
C(54) 11478(19) 7956(18) 1073(15) 165(8) 




Table VIII.10:  Bond lengths [Å] and angles [°]. 
 
Cu(1)-O(2)  1.9357(19) 
Cu(1)-O(1)  1.9478(17) 
Cu(1)-N(11)  1.997(2) 
Cu(1)-N(21)  2.031(2) 
Cu(1)-N(1)  2.348(2) 

















O(1)-C(51)  1.415(3) 
 
Cl(1)-O(4)  1.418(3) 
Cl(1)-O(5)  1.420(3) 
Cl(1)-O(6)  1.421(3) 
Cl(1)-O(3)  1.436(2) 
Cl(2)-O(9')  1.452(11) 











O(11)-C(53)  1.382(7) 
O(12)-C(54')  1.335(14) 
Cu(2)-O(2)  1.9270(18) 
Cu(2)-O(1)  1.9334(18) 
Cu(2)-N(31)  2.000(2) 
Cu(2)-N(41)  2.016(2) 


















O(2)-C(52)  1.388(3) 
 
Cl(2)-O(10')  1.273(16) 
Cl(2)-O(10)  1.377(4) 
Cl(2)-O(9)  1.417(4) 
Cl(2)-O(7')  1.423(18) 
Cl(2)-O(8)  1.495(4) 











O(12)-C(54)  1.55(2) 
 
 
Table VIII.11:   Bond lengths [Å] and angles [°]. 
  
C(1)-C(2)  1.390(4) 
C(1)-C(6)  1.390(4) 
C(1)-C(7)  1.512(4) 
C(2)-C(3)  1.376(4) 
C(3)-C(4)  1.405(4) 
C(3)-C(8)  1.513(4) 
C(4)-C(5)  1.379(5) 
C(5)-C(6)  1.387(5) 
C(7)-N(1)  1.493(3) 
C(8)-N(2)  1.482(4) 
C(10)-C(11)  1.485(5) 
C(10)-N(1)  1.493(4) 
C(11)-N(11)  1.346(4) 
C(11)-C(15)  1.393(5) 
N(11)-C(12)  1.347(4) 
C(12)-C(13)  1.388(5) 
C(13)-C(14)  1.380(6) 
C(14)-C(15)  1.368(6) 
C(20)-N(1)  1.463(4) 
C(20)-C(21)  1.511(4)  



































C(21)-C(25)  1.387(4) 
N(21)-C(22)  1.336(4) 
C(22)-C(23)  1.383(4) 
C(23)-C(24)  1.378(5) 
C(24)-C(25)  1.363(5) 
C(30)-N(2)  1.483(3) 
C(30)-C(31)  1.507(4) 
C(31)-N(31)  1.346(3) 
C(31)-C(35)  1.394(4) 
N(31)-C(32)  1.340(4) 
C(32)-C(33)  1.373(4) 
C(33)-C(34)  1.387(5) 
C(34)-C(35)  1.373(5) 
N(2)-C(40)  1.479(3) 
C(40)-C(41)  1.507(4) 
C(41)-N(41)  1.353(4) 
C(41)-C(45)  1.380(4) 
N(41)-C(42)  1.342(4) 
C(42)-C(43)  1.378(5) 
C(43)-C(44)  1.372(5) 






































Table VIII.12:   Anisotropic displacement parameters  (Å2x 103).  The anisotropic 
displacement factor exponent takes the form:  -2pi2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
 U11 U22  U33 U23 U13 U12 
Cu(1) 23(1)  19(1) 35(1)  12(1) 5(1)  4(1) 
Cu(2) 20(1)  18(1) 35(1)  10(1) 4(1)  2(1) 
O(1) 18(1)  22(1) 39(1)  12(1) 5(1)  3(1) 
C(51) 18(1)  34(2) 43(2)  13(1) 7(1)  4(1) 
O(2) 21(1)  24(1) 51(1)  17(1) 0(1)  1(1) 
C(52) 27(2)  39(2) 113(3)  27(2) -23(2)  2(1) 
C(1) 30(1)  38(2) 33(1)  15(1) 14(1)  10(1) 
C(2) 28(1)  32(1) 28(1)  12(1) 8(1)  6(1) 
C(3) 25(1)  34(2) 31(1)  9(1) 12(1)  5(1) 
C(4) 28(1)  47(2) 37(2)  9(1) 4(1)  0(1) 
C(5) 35(2)  67(2) 39(2)  25(2) 0(1)  5(2) 
C(6) 34(2)  53(2) 43(2)  28(2) 11(1)  12(1) 
C(7) 39(2)  36(2) 42(2)  20(1) 20(1)  11(1) 
C(8) 31(1)  26(1) 40(2)  7(1) 12(1)  6(1) 
C(10) 57(2)  24(1) 51(2)  17(1) 21(2)  6(1) 
C(11) 42(2)  20(1) 49(2)  7(1) 21(1)  1(1) 
N(11) 33(1)  21(1) 40(1)  8(1) 10(1)  -1(1) 
C(12) 36(2)  32(2) 41(2)  5(1) 5(1)  0(1) 
C(13) 42(2)  46(2) 54(2)  -1(2) -1(2)  -5(2) 
C(14) 39(2)  48(2) 72(3)  -5(2) 13(2)  -14(2) 
C(15) 53(2)  31(2) 67(2)  7(2) 26(2)  -9(2) 
C(20) 47(2)  45(2) 42(2)  25(1) 13(1)  24(2) 
C(21) 39(2)  29(1) 41(2)  16(1) 11(1)  15(1) 
N(21) 33(1)  26(1) 37(1)  15(1) 8(1)  10(1) 
C(22) 38(2)  40(2) 37(2)  16(1) 10(1)  13(1) 
C(23) 48(2)  56(2) 42(2)  15(2) 20(1)  25(2) 
C(24) 49(2)  58(2) 58(2)  23(2) 18(2)  34(2) 
C(25) 52(2)  50(2) 48(2)  24(2) 10(2)  27(2) 
C(30) 29(1)  20(1) 40(2)  7(1) 4(1)  6(1) 
C(31) 29(1)  21(1) 38(1)  13(1) 8(1)  8(1) 
N(31) 31(1)  22(1) 36(1)  13(1) 3(1)  5(1) 
C(32) 43(2)  31(2) 39(2)  13(1) 1(1)  8(1) 
C(33) 51(2)  46(2) 43(2)  21(2) -7(1)  9(2) 
C(34) 41(2)  51(2) 55(2)  26(2) 0(1)  19(2) 
C(35) 37(2)  33(2) 43(2)  17(1) 8(1)  14(1) 
N(2) 22(1)  21(1) 35(1)  8(1) 4(1)  3(1) 
N(1) 37(1)  28(1) 38(1)  16(1) 14(1)  10(1) 
C(40) 24(1)  27(1) 36(1)  7(1) 1(1)  -2(1) 
C(41) 22(1)  22(1) 45(2)  13(1) 2(1)  2(1) 
N(41) 27(1)  22(1) 37(1)  10(1) 6(1)  -1(1) 
C(42) 40(2)  33(2) 43(2)  13(1) 11(1)  -2(1) 
C(43) 41(2)  48(2) 55(2)  28(2) 14(1)  -2(2) 
C(44) 31(2)  41(2) 69(2)  31(2) 5(1)  -10(1) 
C(45) 31(1)  29(2) 58(2)  17(1) -4(1)  -5(1) 
Cl(1) 40(1)  26(1) 49(1)  12(1) 1(1)  6(1) 
O(3) 62(2)  25(1) 82(2)  -3(1) -6(1)  -4(1) 
O(4) 83(2)  107(3) 98(2)  71(2) 49(2)  36(2) 
O(5) 93(2)  29(1) 58(2)  19(1) 11(1)  8(1) 
O(6) 71(2)  51(2) 117(3)  19(2) -48(2)  5(1) 
Cl(2) 60(1)  40(1) 37(1)  12(1) 6(1)  -3(1) 
O(7) 60(2)  52(2) 57(2)  34(2) 1(2)  -13(2) 
O(8) 38(2)  72(3) 85(3)  42(2) -2(2)  -5(2) 
O(9) 89(3)  57(2) 38(2)  21(2) 0(2)  1(2) 
O(10) 61(3)  59(3) 87(3)  -17(2) 24(2)  15(2) 
O(11) 89(2)  62(2) 108(3)  16(2) 38(2)  7(2) 
C(53) 173(7)  69(4) 188(8)  44(5) 109(6)  13(4) 
O(12) 122(4)  108(3) 128(4)  -1(3) 56(3)  11(3) 
 
Table VIII.13:   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3). 
 x  y  z  U(eq) 
H(51A) 4734 9442 3109 47 
H(51B) 4666 8140 2931 47 
H(51C) 4527 8567 2081 47 
H(52A) 9732 9359 3149 91 
H(52B) 9681 8076 3041 91 
H(52C) 9350 9007 3991 91 
H(2) 6091 9115 4243 35 
H(4) 7962 11177 6468 46 
H(5) 8369 9666 6922 54 
H(6) 7637 7884 6051 48 
H(7A) 6293 6695 4876 44 
H(7B) 5468 7232 4310 44 
H(8A) 5743 11202 4901 39 
H(8B) 6732 11968 5577 39 
H(10A) 6842 4933 2788 51 
H(10B) 5824 5257 3490 51 
H(12) 5484 6834 836 46 
H(13) 3738 5833 328 63 
H(14) 3087 4684 1116 72 
H(15) 4190 4549 2356 63 
H(20A) 8119 5793 4123 49 
H(20B) 8469 7059 4291 49 
H(22) 8834 6264 1008 45 
H(23) 10485 5218 872 58 
H(24) 11085 4656 2104 64 
H(25) 10010 5136 3424 57 
H(30A) 7126 12750 3821 37 
H(30B) 6091 12713 4459 37 
H(32) 5655 9692 1183 45 
H(33) 4036 10562 876 54 
H(34) 3465 12221 2017 56 
H(35) 4570 12982 3402 44 
H(40A) 8771 11192 4691 36 
H(40B) 8476 12471 4916 36 
H(42) 8844 10214 1419 47 
H(43) 10303 11445 1368 54 
H(44) 10905 12901 2731 53 
H(45) 10041 13059 4124 47 
HO11 7863 3448 726 134 
H(53A) 7281 2277 1332 211 
H(53B) 6467 2235 466 211 
H(53C) 6097 2915 1493 211 
H(12O) 11238 6641 27 195 
H(54A) 11599 8722 1101 247 
H(54B) 12219 7640 1144 247 
H(54C) 10989 7948 1571 247 
H(54D) 10493 8383 1239 157 
H(54E) 10934 8828 464 157 
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